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ABSTRACT 
This paper analyzed the characteristics of colorless fluorescent ink and the existing color separation 
theory, so that colored additive method should be used in printing color pattern with colorless fluorescent 
ink as well as three-color screening separation type (red, green and blue). Considering the exhibition 
of the tone, this paper selected dot parallel screening method. At the same time, through comparing the 
properties of different dots, this paper adopted a special method of AM screening, using regular triangle 
as the basic dot model to a threshold matrix of AM screening. Finally, designing a screening algorithm 
which best suit the colorless fluorescent color printing through the obtained threshold matrix, as well as 
simulating the screening effects of color printing image in the MATLAB. The experimental results show 
that this method of screening in anti-counterfeit packaging field can copy better colorless fluorescent 
color pattern, so as to achieve the effects of color printing using colorless fluorescent ink, which will be 
widely used in outer package such as medicine, food, tobacco and beverage.
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INTRODUCTION
In recent years, with the fast development of 
anti-counterfeiting printing technology, more and 
more printing suppliers pursuit unique, secure anti-
counterfeiting artistic effect. Printing graphics with 
fluorescent ink converts ultraviolet shortwave to 
longer visible lights, reflecting the characteristics 
of different colors, therefore colorless fluorescent 
printing has a certain amount of anti-counterfeiting 
effect, which be widely applied in packaging printing 
and anti-counterfeiting printing areas [1]. However, 
the current fluorescent printing methods are limited 
to print single colors, fluorescent printing technol-
ogy in anti-counterfeiting image is not yet mature. 
It is of great significance on studies to print color 
patterns with the colorless fluorescent ink.
COLORLESS FLUORESCENT INK
Colorless fluorescent ink is a kind of fluores-
cent ink, colorless or white itself. It won’t displays 
colors when printing it on paper or plastic film, but 
can emit bright fluorescence under UV lights. The 
difference between colorless fluorescent ink and 
ordinary ink is that it can produce fluorescence 
flow as its main ingredient is fluorescent pigments 
for luminous function, this pigment absorbs certain 
forms of energy which convert into stimulating 
molecule instead of heat when irradiate under the 
external UV lights so that can release the absorbed 
energy in the forms of visible light, obtain differ-
ent fluorescent phenomena. Different colored-lights 
form unusual bright colors, luminous phenom-
ena will disappear when stop the light irradiation. 
Thus, colored additive method of imaging mecha-
nism designed to colorless fluorescent color image. 
Because of its special properties and high security 
performance, colorless fluorescent ink are widely 
used in the stamps, banknotes, value-added tax 
invoices, various kinds of certificates, alcohol and 
tobacco packaging printing[2-3]. Besides, it not only 
can improve the anti-counterfeiting effect of printed 
matter and increase the added value, but also can 
improve the artistic appreciation of printed matter, 
which is applied to the product quality inspection 
and the art shows of entertainment sites.
THE BASIC THEORY OF COLOR 
HALFTONE FLUORESCENT
Digital halftone screening technology
Digital halftone screening technology is 
conduct binarization process on the continu-
ous tone image, making the image which is after 
screening closest to the original continuous tone 
image visually. And screening technology is made 
of different size of halftone dots to show different 
degree of shade [4-5], which is one of the important 
factors to printing quality. The most common way 
of halftone screening methods mainly includes the 
AM screening, FM screening and hybrid screening.
The principle of AM threshold matrix
AM screening based on threshold matrix is 
simulation of the photographic screening, which 
is setting up a threshold to every point that plane 
have pointed. The size of threshold is similar to the 
height change of contacting screen transparency, 
and screening need judgments according to com-
parison between the threshold matrix and the size 
of the image pixel values. When the image pixel 
value is greater than the corresponding threshold, 
this point is not exposed, record grid “whitewash”; 
On the other hand, when the image pixel values 
is smaller than the corresponding threshold, this 
point is exposed, record grid “blackwash” [6-7]. As 
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B(i,j) is halftone image pixel values after 
screening, A(i,j) is the continuous tone image pixel 
values, T is the threshold. The obtained halftone 
image effects were similar to the original ones, but 
the threshold matrix also needs to change corre-
spondingly with the changes of resolution, screen-
ing angle and screening cable. In order to simplify 
the processes of screening threshold matrix with 
different screening parameters, it is necessary 
to analyze the technology principle of minimum 
threshold matrix [8-10], as shown in figure 1:
Suppose screen angle is θ, then it comes:
Among them, m, p and q as integers, p and q are 
prime numbers, can be determined by the number 
of grid in dots.
N is the number of dot pixels in an unit, c is the 
length of single grid.
n is the number of elements contained in the 
threshold matrix, L is columns of threshold matrix, 
K is rows of threshold matrix. 
From the Figure 1 shown above, covered area of 
threshold matrix elements is consistent with covered 
area of a single grid, namely the number of threshold 
matrix elements ‘n’ is consistent with the number of 
single pixel ‘N’ in a grid, so you can understand
Set threshold matrix definition according to the 
minimum matrix, it can make:
Formula (3), (4), (6), (7) show that:
When screening angle θ is determined, plug 
it into formula (2) and (3), p and q can be worked 
out. Finally, plug m, p and q into formula (7) and 
(8), L and K can be worked out. The rectangle 
constructed by LxK is the basic unit of threshold 
matrix, known as the minimum threshold matrix.
When threshold matrix size of different screen 
angle (L and K value) is determined, the threshold 
distribution of matrix can directly affect the dot 
properties and shape, which is only up to the pixel 
values of the original gray image. Besides, to get the 
same dot function, different threshold arrangements 
will influence the corresponding images quality.
SCREENING ALGORITHM DESIGN 
OF COLOR HALFTONE FLUORES-
CENT PRINTING
The design of dots shape















a = mp, b = mq (3)
N = c2 = a2 + b2 (4)
n = L  K (5)x
N = L  K (6)x
K = m (7)
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adopted colored additive imaging method, so it can 
not directly refer to the previous four color screen-
ing, three-color screening separation type (red, 
green and blue) should be used instead. Besides, 
as the arrangement of dots are different, consider 
establishing screen parallel and screen overprinting 
model, avoiding the three fluorescent ink making 
mutual influence in the process of imaging. In 
addition, through the analysis of other traditional 
forms of dots, this paper finally selected a special 
kind of dot, which adopted a triangle as the basic 
model, the three vertexes of the triangle is as the 
basis of red, green and blue. With the increasing 
values of these three colors, from the edge to the 
center, when R = G = B = 84, the screen parallel 
unit formed, then trisect the triangle, make it as 
the dot shape of colorless fluorescent screening 
printing. Rendering is shown in figure 2:
The design of threshold matrix
Based on the principle of minimum thresh-
old matrix in section 3.1, 17 x 20 mesh are finally 
selected as the minimum threshold matrix. 
Besides, using the screen parallel method when 
designing the threshold matrix, triangle dots can 
be built through the extended paths of red, green, 
and blue, set the corresponding threshold values 
according to these paths. Take red color as an 
example, its extended path of the triangle area is 
as shown in figure 3:
Finally, the regular-triangle dot shape can be 
created by the structure of the colors’ extended 
paths. And the design of the threshold value is based 
on the extended path, take the vertexes as starting 
points, then design the red value threshold matrix, 
as shown in figure 4:
According to figure 4, the grid size of regular 
triangle points is 168 and the number of threshold 
value is less than 255. The gray image pixel value 
must be compared with screening threshold value 
when in screening, therefore it is necessary to estab-
lish the conversion relations. The following formula 
(9), (10) can be used [8]:
F1 is the original gray image pixel values, F2 is 
the reflected pixel value after threshold transition, 
Q is threshold value, and fix is the smallest integer.
Fig. 2: The triangle dot shape rendering.
Fig. 3: Red extended path diagram.
F2 = fix            Qmax+ 0.5 (9)
F1 
255(                )___ x
F2 = fix            Qmax (10)
F1 
255(          )___ x
 Journal of Applied Packaging Research           5 
56
76









































109 108 107 106 105 104 103 102 101 100 150 149 148 147 146
112 113 114 115 116 117 118 119 133 132 131 130 129 128 127
127 128 129 130 131 132 133 119 118 117 116 115 114 113 112
156
146 147 102101148 149 150 100 103 104 105 106 107 108 109
163 162 151
157 158 143 85139 120 99 84 83 82 81 80 79 78
140 138 121 98 86 69 70 71 72 73 74 75
54 53 59
165 161 152 141 137 122 97 87 68 62 61 60 59 58 57
166 160 153 142 136 123 96 88 67 49 50 51 52 53 54
3
3
16415816014860 61 62 68 87 97 120
6
8 7











14 144 134 90
91
30 293132394765
13 21 42 44 93 64 46 40 23 24 25 26
11
11











































Fig. 4: Red value threshold matrix.
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THE EXPERIMENTAL RESULTS AND 
ANALYSIS
Halftone rendering effect by computer 
simulation
As can be seen from the figure 5, the effect of 
halftone rendering is better, which can show a good 
image of the tone levels.
For color images, in order to better use RGB col-
orless fluorescent ink restoring color information, this 
paper take such an approach “overprinting bright-part 
halftone, paralleling dark-part halftone”, namely in 
the highlight or blank area, through the overprinting 
rate of halftone to control the highlights of different 
degree restoration. Using RGB colorless fluorescent 
ink, the more halftone using overprinting, the more 
mixture of the three primary color light under UV 
light will be obtained, the image color is whiter (light 
color additive method). As for the dark part, by means 
of paralleling halftone, it is possible to avoid the 
mixture of color light from colorless fluorescent ink, 
which is a good way to achieve the color restoration 
of the dark parts. As shown in figure 6, in the process 
of color changes from dark to highlight, the dots are 
interchangeable with each other from inter-parallel-
ing to inter- overprinting.
Color printing effects of computer simulation
The main content of experiment need to conduct 
colored addictive method as well as separated 
mesh method in colorless fluorescent color printing 
patterns, so as to get the corresponding binary image. 
The experimental steps:
1) Select a color image which needs to be col-
orless fluorescent printing, select RGB model. As 
shown in figure 7:
Fig. 5: Halftone rendering.
Fig. 6: Color screening stimulating effects.
Fig. 7: Color printing image.
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2) Separate the colors of color image into three 
channels, obtain R, G, B corresponding color images. 
As shown in figure 8:
3) According to the AM screening algorithm 
of threshold matrix, conduct halftone screening to 
R, G, B separated colors in the MATLAB, choose 
screening line number 50lpi, the generated screen-
ing image is as shown in figure 9: 
4) Mix up the obtained separation and screen-
ing R, G, B channels so as to get the final images, as 
shown in figure 10:
APPLICATION IN PACKAGING
Using traditional way of screening to print color-
less fluorescent inks, the obtained printing image is 
brighter than the original manuscript, the luminance is 
lost more, dot gain lead to overprint, thus fluorescent 
effect is poorer. In this paper, triangle screening method 
can effectively solve the above problems, the future col-
orless fluorescent triangle screening printing method 
will be widely used in printing color images, not just 
confined to printing single color. Colorless fluorescent 
ink as a special anti-counterfeit printing ink, can not 
only be used in printing banknote, postage stamps, 
bonds, and various financial credentials such as check, 
but also can be widely used in medicine, food, alcohol 
and tobacco, beverage outer packaging fields.
In packaging field, different packaging experi-
ences can be obtained through suitable application 
of colorless fluorescent ink. As shown in figure 11(a), 
there is a cell phone packing box with a mobile phone 
on the lid under the natural light, the phone’s screen is 
Fig. 8: RBG channels.
Fig. 9: Screen rendering.
Fig. 10: Composition effect.
(a) composition effect        (b) local rendering
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empty. When it is observed under the UV light, mobile 
phone design screen area previously printed RGB col-
orless fluorescent ink shows a picture of a color image, 
as shown in figure 11(b), just like showing the informa-
tion of starting up. Through this method, it is simple to 
satisfy the appearance effect of cell phone packaging, 
as well as can make the box contain more information, 
so as to achieve the anti-counterfeiting function.
CONCLUSION
Using screening method of the combination with 
dots parallel and screen overprinting can carry on a 
better copy of image with a sense of levels, as well as 
omitting some of considerations in threshold matrix 
settings, which is more time-efficient. For colored 
additive method, the regular triangle is more feasible 
due to the threshold matrix design of AM screen-
ing, which eventually can show the characteristics 
of the original manuscripts after the color separa-
tion and screening. However, the threshold matrix 
and screening technology still need further study, 
in order to improve the screening quality in the 
last generation of the halftone image and the effect 
of colorless fluorescent color printing. In addition, 
because of the combination of the screen parallel and 
the screen overprinting methods, red, green and blue 
color pieces itself has no screen angle, however, the 
final makeup pattern has certain screening direc-
tion, which is not involved in the previous studies, 
there is still a long way for researching.
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